Since 2008, herbal mixtures with synthetic cannabinoid compounds have been sold as incense throughout the world. Although these new drugs are labeled as not for human consumption, these products are smoked for their cannabis-like effects. This study reports the structural and spectral elucidation of four cannabimimetic compounds seized in Belgium: -203) and 4-ethylnaphthalen-1-yl-(1-pentylindol-3-yl)methanone (JWH-210). Laboratory investigations were conducted by liquid chromatography (LC)-ultraviolet spectroscopy, high-resolution accurate mass detection and nuclear magnetic resonance (NMR) analysis. This combined analytical approach allowed the detection of illicit compounds for which reference materials were not available. To facilitate identification and to complete existing databases, ultraviolet spectra and NMR data of all seized products are presented. Additionally, LC-quadrupole time-offlight data were recorded to provide absolute identification.
Introduction
Marijuana is one of the most widely used drugs in the world (1) (2) . The last decade has seen an explosion of studies and knowledge on cannabinoid receptors and on the exogenous or endogenous compounds of these receptors. It was only in 1964 that the primary psychotropic constituent of Cannabis Sativa was identified, and many other cannabinoids based on the dibenzopyran structure of delta-9-tetrahydrocannabinol (D9-THC) have subsequently been developed (3) . For the past two or three years, a large variety of synthetic cannabinoids have been found in packets of herbal mixtures sold as incense (4, 5) . These smoking mixtures are proposed under the brand names Spice, Aroma, Dream or K2. Available via the Internet, these products are sometimes considered to be a legal alternative for cannabis users (6) .
Synthetic cannabinoids are a large family of compounds that are structurally unrelated. As D9-THC, the most prevalent natural cannabinoid in cannabis plants, these chemical products bind to cannabinoid receptors CB1 or CB2. Their pharmacological effects are similar to those of D9-THC, but are often more significant (7) . Common side effects of these drugs included anxiety symptoms, agitation, tachycardia, paranoia and hallucinations. The reports of experts have concluded that the consumption of an important quantity of synthetic cannabinoids could involve severe psychiatric complications or even life-threatening overdoses (8) .
The first analogues of D9-THC were developed in the 1980s and included HU-210 and Nabilone, which were approved by the Food and Drug Administration (FDA) for the treatment of chemotherapy-induced nausea and vomiting (9, 10) .
Depending on the chemical structure, the cannabinoid ligands are more or less potent and more or less specific (binding to CB1 or CB2 or both). The cyclohexylphenols (CPs), the first non-classical cannabinoids obtained with the reduction of the dibenzopyran ring, were synthesized by Pfizer (11) . In 1994, analogues with core ring structure were synthesized by J.W. Huffman. Known as aminoalkylindoles or JWH compounds, products of this group actually represent the most frequently seized synthetic cannabinoids (12) . More than 100 cannabimimetic compounds have been identified.
Since 2008, the popularity of Spice and its derivatives has increased in different parts of the world. These commercial herbal incense products, sprayed with different synthetic cannabinoid solutions, were first only used as a fac¸ade to mask narcotic products. However, they have recently been put on sale as recreational drugs, and because these chemical products are potentially harmful, it is necessary that forensic laboratories become able to identify these compounds. Moreover, many European countries are actively pursuing legislation to control the use and sale of these herbal preparations (13) . No data or poor analytical data are available in the literature concerning these new products, which might complicate identification.
This study reports the analysis and identification of several synthetic cannabinoids seized recently in Belgium:
(AM-2201) and (4-methoxyphenyl)-1-(pentyl-1H-indol-3-yl)methanone (RCS-4) ( Figure 1 ). The structural elucidation of these compounds is described, which was conducted by liquid chromatographyelectrospray ionization mass spectrometry (LC-ESI-MS) and nuclear magnetic resonance (NMR) spectroscopic analysis.
Materials and Methods
All chemicals and solvents used were of analytical reagent purity and high-performance liquid chromatography (HPLC) or ultra-performance liquid chromatography (UPLC) -MS-grade purity. Three different systems were used to analyze four seized powder packets: HPLC-diode array detection (DAD), HPLC-quadrupole time-of-flight tandem mass spectrometry (QTOF-MS-MS) and NMR.
HPLC-DAD parameters
The chromatographic system consisted of a Waters Alliance 2695 Separation Module, equipped with a quaternary, low-pressure mixing pump, a degassing line and a thermostated autosampler, connected with a Waters 2996 photodiode array detector (PDA) (Waters, Milford, MA). HPLC separation was performed at 258C using a Symmetry C8 analytical column (250 Â 4.6 mm i.d.) packed with 5 mm diameter particles (Waters), equipped with a guard column (20 Â 4.6 mm) containing identical packing material. The autosampler was programmed with an injection volume of 40 mL and a carousel temperature of 258C. The mobile phase consisted of a 0.5M pH 3.8 phosphate buffer (A) and acetonitrile (B). It was delivered at 1 mL/min, with the following stepwise gradient elution program: 0 min, 87% A; 0 -9 min, 87 -65% A; 9 -28 min, 65 - To analyze each powder, 40 mL of a 50 ng/mL solution (water-CH 3 OH; 50/50, v/v) were injected into the system.
HPLC-QTOF-MS-MS parameters
The HPLC -QTOF system was a Waters 2695 HPLC coupled with an MS QTOF with a Lock Spray option (Waters). The QTOf has two function types, i.e., TOF-MS (MS scan only) and TOF-MS-MS (MS-MS scan only), with an ESI interface. The system was operated under MassLynx 4.1 software (Waters). The mobile phase components were water, 0.1% formic acid and 1% CH 3 OH (solvent A), and acetonitrile and 0.1% formic acid (solvent B). The gradient profile was as follows: 0 min, 90% A; 0 -10 min, 90 -10% A; 10 -20 min, 10% A; 20 -25 min, 10-90% A; 25 -30 min, 90% A. The continuous flow rate was 0.70 mL/min, injection volume was 5 mL, and the autosampler and column temperature were 4 and 508C, respectively. The HPLC column was a Phenomenex Luna phenylhexyl phase with 5 mm particle size, 250 Â 4.6 mm, with a guard filter.
QTOF conditions were as follows: electrospray positive ion mode; capillary voltage at 3.0 kV; cone voltage at 35 V; source temperature at 1458C; desolvation temperature at 3508C; collision energy at 10 eV (TOF-MS) or 25 eV (TOf-MS-MS); desolvation nitrogen gas flow rate at 450 L/h; mass range 90 -980 Da, resolution power of +9,500 (full width at half maximum at m/z 556); locked mass reference at 556.2770.
To analyze each powder, 5 mL of a 1 ng/mL solution (water -CH 3 OH; 50/50, v/v) were injected into the system. NMR system parameters The NMR spectra were recorded on a Bruker Avance (500 MHz) equipped with a 5 mm TCI cryoprobe using DMSO-d 6 as solvent with tetramethylsilane (TMS) as an internal standard (Bruker, Billerica, MA). Chemical shifts are reported in d values ( ppm) relative to internal TMS. The abbreviations for singlet (s), doublet (d), triplet (t), quadruplet (q) and multiplet (m) are used throughout. NMR samples were prepared by dissolving 5 mg of the compound in 700 mL of deuterated solvent and then introducing the solution into a 5 mm tube.
Results and Discussion
The results obtained for the seized powders, identified as Samples A, B, C and D, are presented along with the different analytical methods used in the study.
HPLC-DAD
The chromatograms and UV spectral data of Samples A to D are presented in Figure 2 . These first results confirmed that all powders were different, because none of the samples presented the same UV spectra and retention times. The PDA UV spectra obtained for Samples A and B showed different absorption maxima at 263.4 and 318.0 nm and at 245.6 and 303.7 nm, respectively. On the other hand, Samples C and D presented the same PDA UV spectrum, with a maximum at 314.5 nm, but different retention times at 26.8 and 32.3 min, respectively. Information obtained from the HPLC -DAD system confirmed that all powders were different, and, because they presented high retention times, contained certainly relatively hydrophobic compounds. Unfortunately, despite characteristic UV spectra, none of the compounds could be identified with the UV spectral library available in the laboratory. Tables I  to IV . Protons, 13 C attached proton test (APT), correlated spectroscopy (COSY), edited heteronuclear single quantum coherence (HSQC) and heteronuclear multiple bond correlation (HMBC) spectra have been measured for all the drugs using standard Bruker parameters.
HPLC-QTOF-MS-MS
Sample A The broadband decoupled 13 C APT spectrum of Compound A showed 19 different carbon signals, which were sorted by edited HSQC and HMBC as two CH 3 , four CH 2 , seven CH and six quaternary carbons including one C ¼ O group. The proton data exhibited 13 different signals (divided into six multiplets in the aliphatic region and seven in the aromatic region. The integration of the two regions led to the presence of 14 aliphatic protons (two CH3 and four CH2) and nine aromatic protons (five signals that integrate for one and two signals for two). These data are consistent with the molecular formula (C 21 H 23 NO 2 ) deduced from the LC-MS-MS analysis. Two methyl groups linked to heteroatom were also identified. Examination of the homonuclear H-H coupling (COSY) highlighted the presence of a pentyl group linked to a heteroatom (N or O) of two distinct aromatic rings. The proton and COSY aromatic patterns are compatible with an indole ring substituted on the 3 position and on the indolic nitrogen, but also with a para-substituted benzenic ring. All spectral NMR data of Compound A are summarized in Table I and led to the confirmation of the structure presented in Figure 1 , which corresponds to the drug known as RCS-4.
Sample B
The broadband decoupled 13 C APT spectrum of Compound B showed 21 different carbon signals, which were sorted by edited HSQC and HMBC as one CH 3 , five CH 2 , nine CH and six quaternary carbons including one C ¼ O group. The proton data exhibited 15 different signals (divided into seven multiplets in the aliphatic region and eight in the aromatic region) ( Table II) . The integration of the two regions led to the presence of 13 aliphatic protons (two CH 3 and four CH 2 ) and nine aromatic protons (seven signals that integrate for one and one signal for two). These data are consistent with the molecular formula (C 21 H 22 ClNO) deduced from the LC-MS-MS analysis. One methyl group linked to a heteroatom was identified, whereas a deshielded singlet at 4.38 ppm could be related to the methylene group 9 between the C ¼ O function and the aromatic ring. Examination of the homonuclear H-H coupling (COSY) confirmed the presence of a pentyl group linked to a heteroatom (N or O) of two distinct aromatic rings. The proton and COSY aromatic patterns remain compatible with an indole ring substituted on the 3 position and on the indolic nitrogen, but also with an ortho-substituted benzenic ring. Combined with the mass data, these NMR analyses confirm that Compound B showed the chemical structure presented in Figure 1 , which could be identified as JWH-203.
Sample C
The molecular formula deduced from LC-MS-MS data (C 24 H 22 NOF) showed the presence of a fluorine atom and an increased number of carbon atoms. The NMR spectra and the results presented in Table III are carbons, the broadband decoupled 13 C APT spectrum showed 10 other aromatic carbon signals ( plus a CO signal). These peaks could be related to a naphtyl group linked in position 1 with the carbonyl function. Thanks to COSY, HSQC and HMBC data, all signals were assigned and Compound C could be identified as AM-2201 (Figure 1 ).
Sample D
The NMR data and assignations of Compound D are presented in Table IV . Proton and carbon NMR spectra confirmed the presence of a similar indoyl pattern to that in Compounds A and B. The molecular formulae obtained from mass analysis (C 26 H 27 NO), together with the correlations deduced from twodimensional (2D) homonuclear and heteronuclear NMR spectra, indicated that a substituted naphthalene ring, bearing an ethyl side chain, is also present and linked to the methanone group through position 1. These data clearly indicated that the structure of Compound D is similar to that of the drug named JWH-210.
In addition, the combination of results obtained by the three analytical systems allow the identification of the four different synthetic cannabinoids in the seized packets: RCS-4, JWH-203, AM-2201 and JWH-210.
Conclusion
The identification of a wide variety of illicit drugs in seized products is a difficult task for forensic laboratories, especially because of the frequent emergence of new synthetic substances, such as the cannabimimetic compounds. Since 2008, these herbal mixtures have gained attention around the world. There is a growing number of websites that propose Spice products and others in which users report their own experiences. Moreover, like other designer drugs, as soon as current compounds are banned, new chemical structures are introduced surprisingly quickly. More than 100 cannabinoid derivatives are now available on the market, causing their identification in forensic laboratories to be a challenge. Chemical shifts (d) in ppm from TMS; assignations were deduced from HSQC spectra and multiplicities in parentheses were deduced from APT and HSQC spectra. Chemical shifts (d) in ppm from TMS; assignations were deduced from HSQC spectra and multiplicities in parentheses were deduced from APT and HSQC spectra.
In conventional analytical techniques, reference standards are required for the identification and quantification of unknown compounds, based on comparison between their chromatographic retention times and UV or MS spectra. For new drugs, reference standards are not always available, require difficult and time-consuming administrative steps and are often very expensive. Consequently, rapidly respond to the request for identification, powerful analytical techniques are essential for the analysis of street drugs in the absence of primary reference standards. NMR is particularly adapted to this purpose. Indeed, NMR is one of the most powerful analytical techniques for determining the structures of organic compounds.
In this study, the combination of results obtained by a fullscan, accurate MS system and by NMR analysis allowed the structural elucidation of four synthetic cannabinoids without reference standards. To facilitate identification and to complete existing databases, UV spectra and NMR data of all seized products were also recorded. The results suggest that LC -QTOF-MS, combined with NMR spectrometry, are useful tools for the quick structural identification of unknown compounds. Chemical shifts (d) in ppm from TMS; assignations were deduced from HSQC spectra and multiplicities in parentheses were deduced from APT and HSQC spectra. Chemical shifts (d) in ppm from TMS; assignations were deduced from HSQC spectra and multiplicities in parentheses were deduced from APT and HSQC spectra.
